distribution by presenting maps containing information on where conditions are favourable or not for the studied species. This has fundamental implications for future effects on crops and/or native biota, and hence is a crucial tool for management of such species.
The invasive slug Arion vulgaris (Moquin-Tandon, 1855) (in most of the literature up to now referred to as A. lusitanicus 18�8 (Anderson 2005; Quinteiro et al. 2005) ) has spread to many parts of Europe, including Scandinavia, during the last few decades (Reischütz 1984; Davies 1987; von Proschwitz 1992; Kaiser et al. 1993; Dolmen & Winge 1997; Kozlowski and Kozlowski 
INTRoDucTIoN
Invasive species are a global problem leading to economic losses and negative effects on natural ecosystems (Sax et al. 2005; Davis 2009 ). Knowing the current distribution as well as the potential distribution of invasive species is fundamentally important to determine the extent of today's as well as future problems related to such species. Modelling methods have recently been used to make predictions about future distributions of invasive species by combining data on biogeography and explanatory variables related to climate (Ward 2007; Nori et al. 2011) . Based on such analyses we can indicate the potential 2011). It has been referred to as the Iberian or Lusitanian slug due to its assumed native distribution in the Iberian Peninsula. Arion vulgaris was first recorded in Norway in 1988 at three different localities; Langesund and Kråkerøy in eastern Norway and Molde in western Norway (von Proschwitz & Winge 1994) . It has been hypothesised that these introductions all originated from one shipment from the Netherlands to various garden centres (Solhøy, T. unpublished) . Through the 1990s and 2000s A. vulgaris has become locally very abundant, in particular along the western coast (Dirks 2003; Tomasgård 2005 ) and the south-east of Norway (pers. obs.). Considerable damage caused by A. vulgaris has been reported from domestic gardens, vegetables, strawberry cultures and cereal fields (Frank 1998a, b; Grimm et al. 2000; Hofsvang 2003; Kaluski et al. 2005) . In addition, A. vulgaris seems to have a negative effect on native slug species like Arion ater L.; A. ater seemingly disappears following invasion of an area by A. vulgaris (Davies 1987; von Proschwitz 1997) . It is currently unknown if this is due to competition (e.g. food, shelter), egg predation or other factors such as introgression since these species may hybridise.
The pest nature of this slug has been explained by a high reproductive and survival rate, catholic feeding habits, sticky mucus, and large body size (von Proschwitz 1992; Kozlowski 2007 ). In addition, it has been hypothesised that A. vulgaris lacks natural enemies, or at least has fewer enemies (von Proschwitz & Winge 1994; von Proschwitz 2008) , although recent studies have shown that native beetles are significant predators of A. vulgaris (Hatteland 2010; Hatteland et al. 2010 Hatteland et al. , 2011 . According to published information and field observations (e.g. Kozlowski, 2007; Hatteland et al., pers. obs.) this species follows an annual life cycle, although some individuals live for two years (Davies 1987; Dirks 2003) . Most of the adults die after egg lying in early or mid-autumn. Eggs hatch in late autumn, overwinter as juveniles and mature in the following late spring and summer.
We outline the recorded present distribution of this notable pest species in Norway. Our survey is compared thoroughly with a previous study published by Dolmen & Winge in 1997 . We also present a potential future distribution of A. vulgaris in Norway based on the current survey and modelling analyses using geoclimatic parameters such as average monthly temperature and precipitation.
MATeRIAl AND MeTHoDS

Data collection
Slugs have been collected and observed during various field surveys in Norway between 1995 and 2012, but mainly from 200� to 2011. This has often been done in cooperation with garden societies, private gardeners and farmers, local newspapers, the Norwegian Food Safety Authority (Mattilsynet), and local agencies of agriculture and nature conservation at municipality and county levels (respectively "kommune" and "fylke" in Norwegian). Rural areas in particular, including gardens, wasteland, road sides, and agricultural areas, were investigated. Slugs were collected alive, killed and stored at -20 ºC and identified by dissection of genitalia according to previous work (e.g. Noble 1992 ). If morphological identification was uncertain, mitochondrial DNA was analysed using the general invertebrate primers of Folmer et al. (1994) and the speciesspecific primers of Hatteland et al. (2011) . In cases where samples of slugs were difficult to get, we obtained pictures of slugs from gardeners. If the quality was good enough and the colour variety of the slug (brown, reddish brown) clearly suggested A. vulgaris the information was considered as an approved record. We also received records from various sources (mainly local garden societies) reporting either high densities of slugs or single records of potential A. vulgaris specimens, which have not yet been confirmed. The former reports were given a status of "probable" while the latter were given a status of "uncertain" (Appendix 1). In the map of current distribution ( Figure 1 ) we have combined these two categories.
Recorded distribution
The distribution was recorded per municipality and maps were produced in ArcGIS Desktop software version 9.3.1 (ESRI, 2003) . A base map data-set of municipalities of Norway was provided by NorgeDigitalt (norgedigitalt.no). The distribution records of Dolmen & Winge (1997) were added to the map.
Distribution modelling
The occurrence data were georeferenced using the free software Norgeskart (http��//www.norgeskart.no) made by Statens kartverk. Only confirmed records were included, while uncertain and potential records were left out. This resulted in 219 occurrence points used for further analyses. When a record lacked information about the exact locality, the most probable locality within the municipality was chosen (e.g. largest town or village situated on the coast). All the georeferenced occurrence points were imported into ArcGIS along with two environmental predictor variables, covering all of Norway with a 1x1 km resolution. These variables (PCA1 and PCA2) are based on a Principal Component Analysis (PCA) with 54 geoclimatic variables performed by Bakkestuen et al. (2008) . PCA1 is a step-less oceanity gradient, which maximally fits the division of Norway into vegetation sections and reflects mostly precipitation related variables. PCA2 is a step-less temperature gradient, which maximally fits the division of Norway into vegetation zones by relating to mean temperatures mainly from June, July and August as well as elevation (Moen 1998). Because the resolution of the two environmental predictors is as coarse as 1x1 km, no environmental data were available for grid cells in coastal areas with a centre point falling in the sea. An occurrence point in such a grid cell was hence moved inland to the nearest grid cell supplied with environmental information if this grid cell was not situated more than 1 km away from the coast. A species distribution model was generated by applying the machine-learning method Maxent (Philips et al. 200�) , which uses presence-only data to make predictions of species distributions. Maxent is a statistical method that finds the probability distribution of maximum entropy (i.e. that is most spread out, or closest to uniform) subject to the constraints given by our data (gridded presence records for a species, and predictor variables recorded for each cell in a common grid (Elith et al. 200�; Phillips et al. 200�) ). Default settings were applied, but the replicated run type was set to cross-validation with ten replicates, i.e. the dataset was divided ten-fold and each fold was used in turn to cross-validate the model. The goodness-of-fit measure AUC (area under the ROC-curve (ROC = receiver operating characteristic)) was used to evaluate the model (Fielding & Bell 1997; Phillips et al. 200�) . This is a non-parametric statistic that measures the model's ability to discriminate between a presence and a random background point. At values higher than 0.5 the model performs better than random. Values of 0.9-1 mean that the model's ability to discriminate between presences and background points is excellent.
ReSulTS
Arion vulgaris was recorded in all the 19 counties of Norway, except the northernmost county of Finnmark. Furthermore, it is currently recorded in 192 of the 429 municipalities in Norway, of which 34 were already mentioned by Dolmen & Winge (1997) (Appendix 1). In addition, the species has been recorded in 14 other municipalities by local garden societies, but has not been confirmed by the authors. There are also uncertain records from a further 9 municipalities, both from Dolmen & Winge (1997) and other sources (Appendix 2). The current distribution covers most of coastal southern Norway, while it is more scattered in northern Norway (Figure 1) . The species has also been recorded in the inner fjord areas of western Norway as well as the lowlands of eastern Norway. Arion vulgaris has not been recorded at altitudes higher than 400 m. a. s. l., nor in the most continental parts of Norway, except some localities in eastern Norway such as Gjøvik and Raufoss in the county of Oppland (Figure 2 ). Furthermore, all records have come from anthropogenic habitats (e.g. gardens, parks), or seminatural woodlands within close proximity to such habitats. Arion vulgaris has typically been found in suburban areas and especially in transition zones from meadow/grassland or deciduous/mixed woodland to gardens, roads, parks or other open habitats. The modelling analyses of a potential distribution based on climatic variables indicate that A. vulgaris may occur in all vegetation zones of Norway except the alpine and subalpine zones (Figure 2 ). The ranking of sites for habitat suitability was based on the 219 sites where the species has been recorded and gives a high probability of finding the species along the entire coast as far north as Vesterålen (Figure 3 ). Our analyses also suggest a high probability of finding the species in south-east Norway, which also reflects the recorded distribution (Figures 2  & 3) . The mean model goodness-of-fit (AUC) statistic for the ten predictions was 0.93�, which indicates that the discrimination between presence and background points was excellent. The contribution of axis PCA2 (temperature-related variables) contributed 99.5% while the axis PCA1 (precipitation-related variables) contributed only 0.5%.
DIScuSSIoN
The main finding of this study is that the invasive A. vulgaris is currently distributed along most of the Norwegian coast from the Oslo Fjord up to Steinkjer in Nord-Trøndelag County. The slug has also been recorded further north, but these records are more scattered. However, A. vulgaris has occurred at high densities in recent years both in Bodø in Nordland County and in the northernmost locality at Finnsnes in Troms County. Our modelling analysis based on climatic parameters suggests that A. vulgaris may potentially be present along the entire coast of Norway up to Vesterålen in Nordland County at some point in the future.
The distribution recorded by Dolmen & Winge (1997) mainly covered central Norway and south-east Norway, with only scattered recordings in western Norway. It is difficult to conclude if our records of a wide distribution in western Norway is due to an expansion after the study of Dolmen & Winge (1997) or if the slug was actually already present in many of these areas but went undetected. Arion vulgaris is clearly favoured by the mild and wet Atlantic climate of the western coast when looking at today's distribution (Figure 1) . Furthermore, the damage related to A. vulgaris reported in gardens and horticulture (e.g. strawberries) has been especially pronounced in coastal areas. These areas were, however, given more attention in the present survey and this may have led to some sampling bias towards coastal areas. Moreover, larger densities may increase the probability of finding the species in a given area.
The high dispersal capacity (see below) of this pest species makes it difficult to achieve an accurate impression of the distribution of established populations. It is not clear if the species actually has established in all of the localities presented in this study. Single records might only reveal spreading of this species in the year of sampling and we do not know if it will be found the following years. Observations suggest that A. vulgaris follows a typical pattern of an invasive species with an explosion in density a few years after being introduced into a new area, followed by a stabilisation period when density flattens out (Shigesada & Kawasaki 1997; Arim et al. 200�) .
Arion vulgaris seems to be mainly restricted to cultural habitats and semi-natural habitats. It has rarely been recorded in areas outside suburban and urban areas, not even in rural areas next to well-established populations (Hatteland, pers. obs.) . The same pattern has also been found in other countries (Kozlowski & Kozlowski 2011 ). However, it seems to have established populations in a few deciduous forests in Sweden (von Proschwitz, T., pers. comm.) and possibly in Norway (pers. obs.)
The presence-only method used in this study to model potential distributions has several benefits and drawbacks, but is regarded as an appropriate method when studying the fundamental niche of a species Ward 2007) . Presence-only based methods are especially suited for data from museums and herbaria, but also for cryptic species where it is difficult to obtain absence data. Furthermore, machine-learning methods such as Maxent have been found to outperform more established methods (Elith et al. 200�) , although options are more limited and power for statistical evaluation of predictive performance is lower compared to presence-absence based methods. Nonetheless, when studying potential distributions this has been argued to be the approach to use (Elith et al. 200�) , especially when studying invasive species since various factors (e.g. dispersal limitations, historical restrictions) are often limiting the realised niche (Ward 2007) . However, absence data are needed to adequately predict the existence of a species, although such data are dependent on systematic sampling designs so that the probability of false absences is low. Presence-only methods, like Maxent, may also suffer from bias in sampling effort (Elith et al. 2011 ). In our study, some regions of Norway have been sampled more intensively than others while sampling in several regions, especially northern Norway, has been limited.
Our modelling analyses suggest that A. vulgaris may have a potential distribution in the future covering the entire coastline up to Vesterålen in Nordland County. Average summer temperature and elevation seem to be the most important factors according to the results of the principal component method applied in this study. Furthermore, the vegetation zones in Norway seem to reflect the current distribution of A. vulgaris. The probability of finding the species in the nemoral and south boreal zone is high and only the alpine and subalpine zone seem to be unsuitable for this invasive slug. It has to be kept in mind that our analysis is based on a 1x1 km grid scale. It can be expected that habitat structure and its resulting micro-climate may be more important for the establishment of A. vulgaris populations, and thus overrule the importance of climate conditions represented in our broader scale analysis. In that respect, our results that show a probability of only �0-85% of finding A. vulgaris even in such areas where the species is nowadays well established (see Figure 3) indicate that the species finds suitable climatic conditions on a local scale. Moreover, we found that precipitation-related variables are marginal for the recent distribution in Norway. Thus, regardless of regional differences, precipitation throughout the whole country (probably sufficient rain in the vegetation season and sufficient snow cover on relatively cold hibernation sites) is not a limiting factor for A. vulgaris�� a picture that might differ from its European distribution, including its putative origin area.
Factors other than climate are important when it comes to geographic distributions of species. Dispersal abilities are, for instance, important to take into consideration when studying introduced species. Arion vulgaris has been observed to spread with cargo and cars in addition to the more obvious spreading vectors such as plant material and soil. Thus its potential distribution could be highly dependent on anthropogenic habitats and activity. The modelling analyses from our current study hypothesise that large parts of coastal and lowland Norway will be potentially suitable areas for this important pest species and hence management strategies should be aiming to limit further expansion.
Our study summarises the current distribution of this notorious invasive slug species in Norway and portrays a potential future distribution based on climate. Thus our study may be regarded as a baseline for future studies in terms of both sampling surveys and modelling analyses. Future work should also address questions regarding which variables are the most important in explaining the distribution outlined in this study and hence give a more accurate understanding of the factors that allow this invasive species to spread.
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Appendix 1. Recorded distribution of Arion vulgaris in Norway. Year indicates first verified record. Source�� "AA" = Arild Andersen, "SR" = Steffen Roth, "DD & KW" = Dolmen & Winge (1997) , "BAH" = Bjørn Arild Hatteland, "TS" = Torstein Solhøy, "TH" = Trond Hofsvang, "TIV" = Thor Inge Vollan, "VF" = Vivian Felde, "JH" = John Skartveit, "S" = verified records from garden societies, "Mattilsynet" = the Norwegian Food Safety Authority. Appendix 2. Unverified distribution of Arion vulgaris in Norway. "U" = uncertain record, "P" = probable distribution. "DD & KW" = Dolmen & Winge (1997) , "TH" = Trond Hofsvang, "Mattilsynet" = the Norwegian Food Safety Authority, "NRK" = Norwegian Broadcasting Corporation. 
